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Abstract 
A voloxidizer for hot cell demonstrations that handles spent fuel of high radiation virulence in a limited space should 
have a small size and not scatter in its outlet. This study predicts the terminal velocity of U3O8 by using the terminal 
velocity of SiO2, which would determine the optimum air flux. We obtained a theory terminal velocity of SiO2 and 
conducted an experiment for verification. In a relative form of density ratio vs. particle size, and a theory slop ratio of 
SiO2, U3O8, we predict the terminal velocity and flux of U3O8. And through an oxidation experiment, we verify the 
theory form to detect the existence of U3O8 powder in a discharge filter. We have conducted a scattering 
experimentation of U3O8 powder using an existing experimental oxidizer in a mock-up. The optimum flow and 
experimental results of U3O8 for scatter prevention have been applied for the design of the demonstration oxidizer, 
and the operation conditions of the oxidizer were produced. 
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1. Introduction 
As the cumulative amount of spent fuel increases in Korea, the development of methods for a reliable 
and effective management of this spent fuel has become an important KAERI (Korea Atomic Energy 
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Research Institute) mission. With such a background, KAERI is developing PRIDE (PyRoprocess 
Integrated inactive DEmonstration facility) as a disposal treatment process for spent fuel. Also, as a piece 
of process equipment, a high-capacity voloxidizer that can handle several tens of kgHM/batch is being 
developed to supply U3O8 powder to an electrolytic reduction reactor. 
In the high-capacity voloxidizer, air supply is necessary for the oxidation of UO2 pellets, but U3O8 
particles can be occasionally dispersed into the air exhaust line. Thus, we should determine the optimum 
air flux for operation.  
Since U3O8 is a material with radiation toxicity, we cannot use the U3O8 directly. Hence, an analytical 
supply flux of U3O8 is calculated based on the results of the silica. The experimental procedures are as 
follows. 
In the first step, the terminal velocity of U3O8 and silica is calculated using the Stokes equation. 
In the second step, to confirm the experimental results, we measured the supply flux of the silica. We 
verified that both the analytical and experimental results are well agreed within a reasonable amount. 
In the third step, an analytical supply flux of the U3O8 is forecasted using the density ratio equation 
between the U3O8 and silica. 
In the fourth step, a verification experiment on the theory supply flux of U3O8 is conducted using the 
established experimental setup. 
2. Terminal velocity 
Figure 1 shows a simplified 3D model of the prototype voloxidizer. To calculate the terminal velocity 
of both the U3O8 and silica, we used the Stokes equation. Simulations were performed using the specified 
conditions as follows. The air condition is normal temperature; the distribution of the particles ranges 
from 3  to 120 ; and necessary air is 2633 L for oxidation of the 20 kg UO2 pellets. Particles were 
assumed to be of a round shape; the particle size is 1 ; the density of U3O8 is 8.39 g/ ; the density of 
air at normal temperature is 1.220 kg/ ; the coefficient of viscosity is 1.8 x 10-5 kg/m; air density at 
500  is 0.457 kg/ ; the coefficient of viscosity is 3.55 x 10-5 kg/m; and the internal pressure of the 
vessel was intended to be atmospheric pressure. 
 
 
Fig. 1. Simplified 3D model of voloxidizer. 
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For the given properties of a material, the Stokes equation is represented as 
  (1) 
where V1 is the initial velocity; V2 is the terminal velocity; W is the weight of the powder; p is the 
density of a particle; a is the density of air; Ap is a sectional area of a spherical particle; CD is the shape 
drag coefficient; Dp is the particle size; g is the acceleration of gravity; and a is the viscosity of air ( p = 
8390 kg/m3, a = 0.457 kg/m3, Ap = 0.7854 x 10-12m2, W= pVg=4392x10-18kg). 
A drag coefficient is represented using the Reynolds number, and the Reynolds number is represented 
approximately as 
  (2) 
  (3) 
A flow chart for calculating the terminal velocity is shown in Figure 2. In the figure, the initial velocity, 
V1, is assumed to be a reasonable value. The terminal velocity (V2) is then calculated by applying the 
Reynolds number. The procedures continue until V1 and V2 are identical. Finally, the terminal velocity of 
the U3O8 is calculated using a V1 and V2. 
 
Fig. 2 Flow chart for calculating the terminal velocity. 
 
 
 
To calculate the terminal velocity of silica, we used the following conditions. The silica density is 2.2-
2.6 g/ ; and the particle is supposed to be in a round shape. At normal temperature, the air density is 
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1.220 kg/  and the coefficient of viscosity is 1.8 x 10-5 kg/m. The terminal velocity of silica is calculated 
using Eq.1, Eq.2, and Eq.3. The results are shown in Figure 3, where y1 represents the terminal velocity of 
silica, and y2 represents the terminal velocity of the U3O8. 
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Fig . 3 Theoretical terminal velocies of the U3O8 and silica. 
 
  (4) 
  (5) 
 
In the coefficient of the quadratic function, a1 and a2 are near 0, and the coefficients of two linear 
functions have the same gradient (b1 b2). Therefore, y1 of Eq.4 and y2 of Eq.5 are the first functions with 
the same gradient, and from Eq.4 and Eq.5, yu of Eq.6 becomes a general equation that is predictable by 
the terminal velocity of silica. 
 
  (6) 
3. Results 
3.1. Verification experiment of silica 
Figure 4-a is an acryl device that is the same type as in the first experiment for verification of the silica. 
Silica powders of 20kg were used. Air was supplied from the lower part of the acryl device according to 
the flux (5, 10, 15, 20 l/min) for 16 hours. When the flux is supplied into an acryl column, figure 4-b 
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shows a photograph of silica powders being over-flown into an acryl column. After air is supplied into the 
acryl device for 16 hours, the silica powder collected in an acryl column is sampled. The average particle 
size distributions of the silica samples were analysed using a particle size analyser (MICROTRAC-S300). 
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Fig. 4 Photographs of the experiment for the verification of silica. 
3.2. Theoretical flux of U3O8 
Figure 6 shows the average particle size distribution which is dispersed according to a change in flux 
under condition of terminal velocity. In the silica experiments, both the analytical and experimental 
results show a similar trend. However, in Figure 6, the theoretical results (average particle size 
distribution) of silica are as low as 1.5  at experimental results. The reasons are as follows. A powder 
layer accumulated in the acryl device is heterogeneous. Under this condition, the velocity of the flow is 
increased to a thin powder layer, and then, it is been the cause of errors in the average particle size 
distribution of theory and experiment. As shown figure 5, shape of U3O8 and silica is similar. However, 
because U3O8 is a round shape, U3O8 has less resistance than silica against air. Therefore, drag coefficient 
of U3O8 (CDU) is 0.35, and drag coefficient of silica (CDS) is 0.29 (Ref. Glenn, Research, Center, NASA). 
In Eq. 7, the drag coefficient ratio, f, is assumed to be 1.2. Eq.8 is direct proportion equation of density 
and average particle size in connection with silica and U3O8. If the average particle size distribution (SS) 
of silica remaining in the atmospheric layers is confirmed by terminal velocity, then the average particle 
size distribution (SS) of U3O8 can be calculated using Eq. 9. 
 
       (7) 
    (8) 
  (9) 
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where CDS is the drag coefficient of the silica; CDU is the drag coefficient of the U3O8; f is the drag 
coefficient ratio; S is the density of the silica; U is the density of the U3O8; SS is the average particle size 
distribution of the silica; and SU is the average particle size distribution of the U3O8.   
 
(a) SiO2 (b) U3O8  
Fig. 5 Particle shapes of Silica (a) and U3O8 (b). 
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               Fig. 6 Experimental results of terminal velocity at the flow rate 
 
 
       Fig. 7 Temperature-dependent particle size distribution of U3O8. 
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In figure 6, the result of U3O8 by Stokes Law is depicted based on Eq.2 and Eq.6, and the results of 
U3O8 by the density ratio equation are obtained based on Eq. 8 and Eq. 9. 
Figure 7 shows the average particle size distribution of U3O8 and its range is 3-120 . At 500 , 
powder less than 3  does not exist. The final value that should be calculated is the most suitable flux at 
which U3O8 is not exhausted outside the device. Therefore, as shown in figure 6, an analytic flux that is 
not dispersed in U3O8 powder of more than 3  becomes 20 l/m according to Stokes Law and 16.5 l/m in 
the density ratio equation. 
3.3. Practical flux of air for oxidation 
Figure 8 shows filter papers of 1 m that were removed to confirm how the powder stuck on the filter 
papers in the device outlet. The filter device was placed in an air exit in upper part of the voloxidizer, and 
air was supplied for each 8 hours (10 l/min, 14.6 l/min, 16.5 l/min, and 20 l/min) step by step. As a result, 
as shown in figure 8 and figure 9, to know whether there is powder larger than 3 m on the paper, the 
U3O8 is confirmed by sight and an electron microscope. Powder was not found entirely at a flux of 10 
l/min, and powders in small quantity were filtered at a flux of 14.5-16.5 l/min; however a lot of powder 
was found on the filter papers at a flux of 20 l/min, as shown figure 9-(b). Also, particles of more than 
3 m were confirmed in small quantity at a flux of 14.6 l/min in figure 9-(a). Therefore, from the 
experimental results, the equation that determines the practical flux can know that the density ratio 
equation trend to overlap more than Stocks law. Thus, the degree of oxidation at the same time as the 
scattering prevention is increased, and a practical flux of U3O8 was determined to be 14 l/min.  
 
(a) 10 l/min (b) 14. 6 l/min (c) 20 l/min
 
Fig. 8 Particles of U3O8 on filter papers. 
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Fig. 9 Particles of U3O8 on filter papers by electron microscope. 
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4. Conclusions 
In this paper, we described the terminal velocity for the scatter prevention of powders in a voloxidizer. 
To determine the sufficient air flux while preventing the dispersion of U3O8 particles, a theoretical 
approach was carried out. Also, for the most suitable supply flux of U3O8 and silica for scatter prevention, 
Stokes Law and a density ratio equation were presented. In the results, we obtained an appropriate air flux 
so as not to cause U3O8 powder dispersion by using Stokes equation and the density ratio equation prior 
to the demonstration. Also, an equation that determines the practical flux can know that the density ratio 
equation trend to overlap more than Stocks law. The most suitable flux at which the U3O8 powders are not 
dispersed is under 14 L/min. 
Powder dispersions in a horizontal type voloxidizer may occur by an increase in the oxygen flux as 
well as a horizontal rotation of the reactor. On the contrary, a vertical type voloxidizer is advantageous in 
terms of dispersion because there is no dispersion by a rotation of the reactor.  
The experimental results of this work can help in the design of a compact voloxidizer with a high 
efficiency in a hot cell. 
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